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FIG. 5
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FIG. 6
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FIG. 8
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FIG. 11
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1
IMAGE FORMING APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an image forming appara-
tus such as a copier and a laser printer.

2. Description of the Related Art

An image forming apparatus (for example, copier and
printer) using an intermediate transfer member forms toner
images on a photosensitive drum through a developing roller,
and transfers the toner images onto the intermediate transfer
member (hereinafter referred to as “primary transfer”). After
that, the toner images are collectively transferred onto a
recording material such as paper (hereinafter referred to as
“secondary transfer”), to thereby obtain an image. In the
image forming apparatus, in a case where the recording mate-
rial is fed into the image forming apparatus and conveyed to
a secondary transfer position, a slip occurs depending on an
amount of stacked sheets inside a cassette, a doubly-fed
amount due to a preceding sheet, an abrasion state of a sheet
feeding roller, a type of media, or the like, to thereby cause a
variation. The variation means that a sheet arrives at a prede-
termined position at a varied timing. When the variation
occurs during conveyance of the recording material from a
start of sheet feeding up to the arrival at the secondary transfer
position, the toner image cannot be transferred onto an appro-
priate position of the recording material, and a high-quality
image cannot be formed.

In a conventional technology, for example, the following
control is performed. That is, a sheet detection sensor pro-
vided on a conveying path up to the secondary transfer posi-
tion is used to measure a varied time period taken by the
recording material being conveyed, and conveyance control is
carried out based on the measured time period. Thereby, the
control is performed so that the toner image is transferred
onto the appropriate position of the recording material (see,
for example, Japanese Patent Application Laid-Open No.
2007-101666). Specifically, the varied time period is com-
pared with a reference time period without the variation, and
a conveyance speed is increased or decreased based on a
difference therebetween to convey the sheet up to the second-
ary transfer position. Under such control, it is possible to
cancel the variation to obtain a satisfactory image. Such con-
trol is hereinafter referred to as “conveyance speed control”.

In the conventional technology, a timing to carry out the
conveyance speed control is determined only based on a
timing at which the recording material is detected by the sheet
detection sensor. In that case, for example, when recording
materials are continuously conveyed in the image forming
apparatus for conveying the recording material from the start
of' the sheet feeding up to the arrival at the secondary transfer
position by using one driving source, the following case may
occur. That is, when the conveyance speed control is carried
out at the timing at which the record material is detected by
the sheet detection sensor as in the conventional technology,
there may be a change in the conveyance speed of the preced-
ing sheet being subjected to the secondary transfer, which
may hinder normal image formation. Therefore, in order to
avoid affecting the conveyance of a preceding recording
material, the conveyance speed is controlled by increasing a
sheet feeding interval so as to constantly guarantee that a
subsequent sheet arrives at the sheet detection sensor after the
preceding sheet has passed through a conveyance portion
located at the most downstream position among those oper-
ated by the same driving source. However, this control
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2

increases an interval of image formation, which lowers pro-
ductivity of the image forming apparatus.

SUMMARY OF THE INVENTION

The present invention has been made in view of the above-
mentioned circumstances, and an object thereof is to obtain a
satisfactory image while suppressing a conveyance variation
of a subsequent sheet without affecting conveyance of a pre-
ceding sheet or image formation thereof and without lowering
productivity even when recording materials are continuously
conveyed by the same driving source.

In order to achieve the above-mentioned object, the present
invention is configured as follows.

According to one embodiment of the present invention,
there is provided an image forming apparatus, including: a
first conveyance portion feeding a recording material from a
sheet feeding position to a conveying path; a first detection
unit provided on a downstream side of the first conveyance
portion in a conveying direction of the recording material and
detecting one of a leading edge and a trailing edge of the
recording material; a second conveyance portion provided on
a downstream side of the first detection unit and conveying
the recording material to a transfer position, and the first
conveyance portion and the second conveyance portion being
driven by the same driving source; a second detection unit
provided on an upstream side of the transfer position and on
a downstream side of the second conveyance portion and
detecting one of the leading edge and the trailing edge of the
recording material; a control unit controlling a conveyance
speed of the recording material based on a result of detecting
the recording material obtained by one of the first detection
unit and the second detection unit so that a toner image on an
image bearing member is transferred onto a predetermined
position on the recording material in the transfer position; the
first conveyance portion feeding a first recording material
from the sheet feeding position precedingly, and then feeding
a second recording material subsequently to the first record-
ing material; and the control unit controlling a conveyance
speed of the second recording material, after a trailing edge of
the first recording material passes through the second con-
veyance portion, so as to be switched to a speed different from
a speed of the second recording material at a time point when
the first recording material passes through the second con-
veyance portion, in at least one of, a section from arrival of'a
leading edge of the second recording material at the first
detection unit up to arrival of the leading edge of the second
recording material at the second detection unit, and a section
from the arrival of the leading edge of the second recording
material at the second detection unit up to passing of the
leading edge of the second recording material through the
transfer position.

Further features of the present invention will become
apparent from the following description of exemplary
embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram illustrating an overall structure of an
image forming apparatus according to a first embodiment of
the present invention.

FIG. 2 is a diagram illustrating a system configuration of
the image forming apparatus according to the first embodi-
ment.

FIG. 3A is a timing chart of conventional conveyance
speed control (with separate driving) for the purpose of com-
parison with the first embodiment.
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FIG. 3Bis atiming chart of conventional conveyance speed
control (with the same driving) for the purpose of comparison
with the first embodiment.

FIG. 4 is a timing chart of conveyance speed control
according to the first embodiment.

FIG. 5 is a flowchart of the conveyance speed control
according to the first embodiment.

FIG. 6 is a diagram illustrating a structure of a conveyance
portion of an image forming apparatus according to a second
embodiment of the present invention.

FIG. 7 is a timing chart of conveyance speed control
according to the second embodiment.

FIG. 8 is a flowchart of the conveyance speed control
according to the second embodiment.

FIG.91s a timing chart of conveyance speed control (decel-
eration processing) according to a third embodiment of the
present invention.

FIG. 10 is a timing chart of conveyance speed control
(acceleration processing) according to the third embodiment.

FIG. 11 is a flowchart of the conveyance speed control
according to the third embodiment.

FIG. 12 is a timing chart of conveyance speed control
according to a fourth embodiment of the present invention.

FIG. 13 is a flowchart of the conveyance speed control
according to the fourth embodiment.

DESCRIPTION OF THE EMBODIMENTS

Embodiments for carrying out the present invention are
described below in detail.

First Embodiment

In a first embodiment of the present invention, a method
performed by an image forming apparatus for conveying a
sheet from a start of sheet feeding up to an arrival at a sec-
ondary transfer position by using one driving source in a case
where two sheet detection sensors are provided between a
sheet feeding position and the secondary transfer position
(transfer position) and printing is continuously performed on
two sheets is described as follows. That is, a method of car-
rying out conveyance speed control for a subsequent sheet
based on a result of detecting a position of a preceding sheet
being a recording material, which is obtained by the sheet
detection sensor (hereinafter referred to as “downstream-side
sheet detection sensor’’) on a downstream side in a conveying
direction of the recording material (hereinafter referred to
simply as “downstream side”), is described. The preceding
sheet (first recording material) represents, when a given
recording material is being conveyed on a conveying path, a
recording material being conveyed immediately before the
given recording material among the recording materials that
are fed earlier than the given recording material and are being
conveyed on the conveying path ahead of the given recording
material. The subsequent sheet (second recording material)
represents a recording material that is fed later than the pre-
ceding sheet and is being conveyed on the conveying path
subsequently to the preceding sheet. That is, the given record-
ing material is the subsequent sheet from the viewpoint of the
preceding sheet. Of both edge portions in the conveying
direction of the recording material being conveyed, the edge
portion on the downstream side in the conveying direction is
referred to as a leading edge, while the edge portion on an
upstream side in the conveying direction is referred to as a
trailing edge.
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(Image Forming Apparatus)

FIG. 1 illustrates an overall structure of a laser printer
serving as the image forming apparatus. In the following
description, a first station is set as a station for forming a toner
image in yellow (Y) and includes components denoted by a
suffix “a”, while a second station is set as a station for forming
a toner image in magenta (M) and includes components
denoted by a suffix “b”. A third station is set as a station for
forming a toner image in cyan (C) and includes components
denoted by a suffix “c”, while a fourth station is set as a station
for forming a toner image in black (K) and includes compo-
nents denoted by a suffix “d”.

(Image Forming Portion)

The first station is described. A photosensitive drum 1« has
ametallic cylinder whose surface is laminated with a plurality
of layers of functional organic materials formed of a carrier
generation layer that senses light to generate a charge, a
charge transporting layer for transporting the generated
charge, and the like. An outermost layer of the photosensitive
drum 1a is substantially insulated due to a low electric con-
ductivity. The photosensitive drum 1la is formed of, for
example, an aluminum cylinder having an outer peripheral
surface coated with an organic photoconductor (OPC) layer.
Both end portions of the photosensitive drum 1a are sup-
ported by flanges so as to freely rotate, and a driving force is
transmitted from a driving motor (not shown) to one of the
end portions, to thereby rotationally drive the photosensitive
drum 1a counterclockwise in FIG. 1. A charging roller 2a
serving as a charging unit abuts against the photosensitive
drum 1a, and uniformly charges the surface of the photosen-
sitive drum 1a while being rotated following rotation of the
photosensitive drum 1a. The charging roller 2a is a conduc-
tive roller formed to have a roller shape, and uniformly
charges the surface of the photosensitive drum 1a by abutting
against the surface of the photosensitive drum 1a and apply-
ing a charging voltage thereto from a charging voltage source
20a. A direct current voltage or a voltage obtained by super-
posing an alternating current voltage on a direct current volt-
age is applied to the charging roller 2a, and discharge occurs
from an abutment nip portion between the charging roller 2a
and the surface of the photosensitive drum 1a due to minute
air gaps on the upstream side and the downstream side,
thereby charging the photosensitive drum 1a.

A cleaning unit 3a removes toner (hereinafter referred to as
“transfer residual toner”) remaining on the photosensitive
drum 1aq after transfer. A developing unit 8a serving as a unit
for development includes a developing roller 4a abutting
against the photosensitive drum 1la, a non-magnetic one-
component developer (hereinafter referred to as “toner”) 5a,
and a developer applying blade 7a. The developing units 8a to
8d include a toner receiving portion for receiving the toner in
the respective colors of yellow, magenta, cyan, and black,
respectively. The developing roller 4a is adjacent to the sur-
face of the photosensitive drum 1a, and performs develop-
ment by applying a developing voltage through a developing
voltage source 21a while being rotationally driven by a drive
portion (not shown). The photosensitive drum 1a to the devel-
oping unit 8a are formed into an integral process cartridge 9a
that is removably mounted to the image forming apparatus.

An exposure device 1la serving as an exposing unit
includes a rotary polygonal mirror (not shown), and the rotary
polygonal mirror is irradiated with image light corresponding
to an image signal by a laser diode (not shown). The exposure
device 11a includes an LED array or a scanner unit for scan-
ning laser light by using the rotary polygonal mirror, and
irradiates the surface of the photosensitive drum 1a with a
scan beam 12a modulated based on the image signal.



US 9,195,196 B2

5

The charging roller 24 is connected to the charging voltage
source 20q serving as a unit for supplying a voltage to the
charging roller 2a. The developing roller 4a is connected to
the developing voltage source 21a serving as a unit for sup-
plying a voltage to the developing roller 4a. A primary trans-
ferroller 81a is connected to a primary transfer voltage source
844 serving as a unit for supplying a voltage to the primary
transfer roller 81a. The structure of the first station has been
described above. The second station, the third station, and the
fourth station also have the same structure as the first station,
and the same components thereof as those of the first station
are denoted by the same reference symbols except that the
suffix “a” is substituted by “b”, “c”, and “d”, respectively,
while omitting descriptions thereof.

On an inner side of an intermediate transfer belt 80 (image
bearing member), the primary transfer rollers 81a to 814
abutting against the intermediate transfer belt 80 are provided
side by side so as to be opposed to four photosensitive drums
1a to 14, respectively. The primary transfer rollers 81a to 814
are connected to the primary transfer voltage sources 84a to
84d, respectively. A voltage having a positive polarity is
applied to the primary transfer rollers 81a to 814, and toner
images having a negative polarity in the respective colors on
the photosensitive drums 1a to 1d are sequentially transferred
onto the intermediate transter belt 80 being in contact with the
photosensitive drums 1a to 14, respectively, to thereby form a
multicolor image.

The intermediate transfer belt 80 is supported by three
rollers of a secondary transfer opposing roller 86, a drive
roller 14, and a tension roller 15 that serve as tension mem-
bers, and an appropriate tension is maintained. By driving the
drive roller 14, the intermediate transfer belt 80 moves at
substantially the same speed in a forward direction relative to
the photosensitive drums 1a to 1d. Further, the intermediate
transfer belt 80 rotates in a direction indicated by the arrow
(clockwise), and the primary transfer roller 81a is arranged on
the opposite side to the photosensitive drum 1la with the
intermediate transfer belt 80 being disposed therebetween. A
charge eliminating member 23a is arranged on a downstream
side of the primary transfer roller 814 in a rotational direction
of the intermediate transfer belt 80. The drive roller 14, the
tension roller 15, the charge eliminating member 23a, and the
secondary transfer opposing roller 86 are electrically
grounded. The suffixes “a” to “d” are hereinafter omitted
unless necessary.

The multicolor image formed on the intermediate transfer
belt 80 (on the image bearing member) is transferred onto a
recording material P by a secondary transfer roller 82 in
synchronization with the recording material P fed and con-
veyed from a feeding portion described later (this transfer is
referred to also as “secondary transfer”). The toner remaining
on the intermediate transfer belt 80 without being transferred
onto the recording material P is removed by a belt cleaning
roller 88 to which a voltage is applied by a cleaning voltage
source 89.

(Feeding Portion)

When a sheet is fed from a main body cassette 16, a cassette
pickup roller 17 (first conveyance portion) is driven, while a
main body cassette basal plate 29 rises to push up recording
materials P placed inside the main body cassette 16. The
uppermost one of the recording materials P that have been
pushed up is brought into abutment against the cassette
pickup roller 17, the recording materials P are separated and
fed one by one by the rotation of the cassette pickup roller 17,
and conveyed to a registration roller 18 (second conveyance
portion). The cassette pickup roller 17 and the registration
roller 18 are driven to rotate by the same driving source (not

10

15

20

25

30

35

40

45

50

55

60

65

6

shown) (such as stepping motor) to convey the recording
material P. A pre-registration sensor 354 (first detection unit)
and a registration sensor 355 (second detection unit), which
are sheet detection sensors for detecting the recording mate-
rial P, are respectively placed on the conveying path. In this
embodiment, for example, the pre-registration sensor 35a is
placed on a downstream side of the cassette pickup roller 17,
and the registration sensor 355 is placed on a downstream side
of'the registration roller 18. With this arrangement, at a timing
at which the trailing edge of the recording material P is
detected by the pre-registration sensor 35aq, it is guaranteed
that the trailing edge of the recording material P has passed
through the cassette pickup roller 17. In the same manner, at
atiming at which the trailing edge of the recording material P
is detected by the registration sensor 354, it is guaranteed that
the trailing edge of the recording material P has passed
through a nip portion formed by the registration roller 18.

The pre-registration sensor 354 and the registration sensor
35b output a low-level signal when, for example, the record-
ing material P is not being detected. When the leading edge of
the recording material P arrives at the pre-registration sensor
35a and the registration sensor 355, for example, outputs
from those sensors rise, and a high-level signal is output. The
pre-registration sensor 35a and the registration sensor 355
keep outputting the high-level signal while, for example, the
recording material P is passing therethrough. After the trail-
ing edge of the recording material P has passed therethrough,
outputs from those sensors drop, and the low-level signal is
output. A signal output from a sensor depending on presence/
absence ofthe recording material P is not limited to that in the
above-mentioned configuration, and any signal that can dis-
tinguish arrival of the leading edge of the recording material
P and passage of the trailing edge thereof may be employed.

(Recording Material Conveyance Control)

The fed recording material P is conveyed by the registra-
tion roller 18, and after a leading edge of the image and the
leading edge of the recording material are synchronized with
each other in a position 35¢, conveyed to a secondary transfer
portion. The position 35c¢ is hereinafter referred to as “merge
point”. The intermediate transfer belt 80, which constitutes
the secondary transfer portion, is stretched around and sup-
ported by the three rollers of the secondary transfer opposing
roller 86, the drive roller 14, and the tension roller 15, and is
arranged so as to be opposed to all the photosensitive drums
1a to 1d. The intermediate transfer belt 80 is moved in a loop
by the drive roller 14, and the toner image is electrostatically
attracted to its outer peripheral surface opposed to the photo-
sensitive drum 1. With this configuration, the multicolor
image is formed on an outer periphery of the intermediate
transfer belt 80, and the image formed on the intermediate
transfer belt 80 is conveyed to an abutment portion (second-
ary transfer portion) between the secondary transfer roller 82
and the intermediate transfer belt 80, which is the secondary
transfer position.

In the conveyance of the recording material P, by using a
secondary transfer voltage source 85 to apply a voltage to the
secondary transfer roller 82, an electric field is formed
between the secondary transfer roller 82 and the secondary
transfer opposing roller 86 placed so as to be opposed thereto.
Then, an electrostatic attraction force is generated between
the intermediate transfer belt 80 and the recording material P
by generating dielectric polarization therebetween.

(Fixing Portion)

A fixing device 19 serving as a fixing unit fixes the toner
image by applying heat and pressure to the image formed on
the recording material, and includes a fixing belt (not shown)
and an elastic pressure roller (not shown). The elastic pressure
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roller forms a fixing nip portion having a predetermined width
by applying a predetermined press-contact force to a belt
guide member (not shown) across the fixing belt. In a state in
which the fixing nip portion is subjected to temperature con-
trol after rising to a predetermined temperature, the recording
material P on which an unfixed toner image is formed is
conveyed from the image forming portion to be introduced
between the fixing belt and the elastic pressure roller in the
fixing nip portion with the image surface facing downward,
that is, being opposed to a surface of the fixing belt. In the
fixing nip portion, with the image surface in close contact
with an outer surface of the fixing belt, the recording material
P is subjected to nip conveyance through the fixing nip por-
tion together with the fixing belt. In the course in which the
recording material P is nipped and conveyed through the
fixing nip portion together with the fixing belt, the recording
material is heated by the fixing belt, and the unfixed toner
image thereon is heated and fixed. The recording material P
that has been fixed is delivered to a delivery tray 36.

(System Configuration of Image Forming Apparatus)

FIG. 2 is a block diagram for illustrating an overall system
configuration of the image forming apparatus. A controller
portion 201 can mutually communicate to/from a host com-
puter 200 and an engine control portion 202. The controller
portion 201 receives image information and a print command
from the host computer 200, and analyzes the received image
information to convert the image information into bit data.
Then, the controller portion 201 transmits a print booking
command, a print start command, and a video signal to a CPU
211 and an image processing GA 212 via a video interface
portion 210 for each recording material.

The controller portion 201 transmits the print booking
command to the CPU 211 via the video interface portion 210
in response to the print command received from the host
computer 200, and at a timing at which a printable state is
reached, transmits the print start command to the CPU 211.
The CPU 211 prepares to execute printing in an order in
which the print booking commands are received from the
controller portion 201, and waits for the print start command
to be received from the controller portion 201. When receiv-
ing the print start command, the CPU 211 instructs the respec-
tive control portions (image control portion 213, fixing con-
trol portion 214, and sheet conveyance portion 215) to start
the printing operation based on information on the print book-
ing command.

When the instruction to start the printing operation has
been received, the image control portion 213 starts to prepare
for image formation. When notified from the image control
portion 213 that the image formation is ready, the CPU 211
outputs a /TOP signal, which serves as a reference timing to
output the video signal, to the controller portion 201. When
receiving the /TOP signal from the CPU 211, the controller
portion 201 outputs the video signal by using the /TOP signal
as a reference. When receiving the video signal from the
controller portion 201, the image processing GA 212 trans-
mits image formation data to the image control portion 213.
The image control portion 213 forms an image based on the
image formation data received from the image processing GA
212.

When the instruction to start the printing operation has
been received, the sheet conveyance portion 215 starts a sheet
feeding operation. A conveyance control portion 221 of the
sheet conveyance portion 215 rotates a stepping motor 223
via a conveyance motor driver IC 222. The conveyance con-
trol portion 221 instructs a sheet feeding pickup solenoid 224
to start driving (indicated in the figure as “drive instruction™)
at a timing at which the sheet is picked up, and rotates the
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cassette pickup roller 17. The conveyance control portion 221
detects the position of the recording material based on output
results from the pre-registration sensor 35« and the registra-
tion sensor 355 (indicated in the figure as “sensor ON/OFF”),
and conveys the recording material to the secondary transfer
position while carrying out the conveyance speed control.

When the instruction to start the printing operation has
been received, the fixing control portion 214 starts to prepare
for fixation. The fixing control portion 214 starts controlling
the temperature based on the information of the print booking
command in synchronization with the conveyance of the
recording material subjected to the secondary transfer. The
fixing control portion 214 fixes the image to the recording
material, and conveys the recording material to an outside of
the apparatus.

(Conventional Conveyance Speed Control)

FIGS. 3A and 3B are timing charts illustrating conven-
tional conveyance speed control for the purpose of compari-
son with this embodiment. FIG. 3A is the timing chart in a
case where the cassette pickup roller 17 and the registration
roller 18 are driven to rotate by separate driving sources (such
as stepping motors). FIG. 3B is the timing chart in a case
where the cassette pickup roller 17 and the registration roller
18 are driven to rotate by the same driving source.

FIGS. 3A and 3B illustrate, from the top, an output timing
of the /TOP signal (300a), an arrival timing of the leading
edge of the image (310a) in each position, and a timing to
drive the cassette pickup roller 17 (320a) (indicated in the
figure as “cassette pickup”). Subsequently, FIGS. 3A and 3B
illustrate an actually measured value (330a) of the output
timing of the pre-registration sensor 35a, a theoretical value
(3404) of the output timing of the pre-registration sensor 354,
an actually measured value (350a) of the output timing of the
registration sensor 3554, and a theoretical value (360a) of the
output timing of the registration sensor 35b. In addition,
FIGS. 3A and 3B illustrate a status (370a) of the first record-
ing material (first sheet), a status (380a) of the second record-
ing material (second sheet), and a speed (390a) of a convey-
ance portion. The conveyance portion includes the cassette
pickup roller 17 and the registration roller 18. An actually
measured value of the output timing of each sensor is mea-
sured by, for example, starting a timer (not shown) at a timing
at which the CPU 211 outputs the /TOP signal. A theoretical
value of the output timing of each sensor is, for example,
stored in advance in a memory (not shown) or the like. The
same applies to the following description.

(Case of Separate Driving Sources (FIG. 3A))

A description is made with reference to FIG. 3A. The CPU
211 outputs the /TOP signal corresponding to the first record-
ing material (hereinafter referred to simply as “first sheet™)
(301a), and starts the image forming operation (311a) corre-
sponding to the first sheet. Further, the CPU 211 instructs the
sheet conveyance portion 215 to start the printing operation,
and the conveyance control portion 221 of the sheet convey-
ance portion 215 starts the sheet feeding operation (321a) by
using the cassette pickup roller 17 (indicated in the figure as
“sheet feeding” in the status 370a of the first sheet). The
conveyance control portion 221 conveys the first sheet until a
timing (351a) to arrive at the registration sensor 355 (indi-
cated in the figure as “conveyance before registration” in the
status 370a of the first sheet). An actually measured value
331a represents the actually measured value of a timing at
which the first sheet arrives at the pre-registration sensor 35a,
and a theoretical value 341a represents the theoretical value
of the timing at which the first sheet arrives at the pre-regis-
tration sensor 35a. At this time, it is assumed that a convey-
ance speed of the recording material controlled by the sheet
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conveyance portion 215 is a steady-state speed (steady speed)
V. At atiming (351a) at which the leading edge ofthe record-
ing material (referred to as “sheet leading edge”™) arrives at the
registration sensor 355, the conveyance control portion 221
stops conveyance control (indicated in the figure as “waiting
for leading edge of image™ 371a in the status 3704 of the first
sheet). Atthis time, the sheet conveyance portion 215 controls
the conveyance speed of the recording material to decrease
from the steady speed V to zero (stop). In synchronization
with the image formed on the intermediate transtfer belt 80,
that is, at a timing at which the leading edge of the image
(310qa) arrives at a position 312a, the conveyance control
portion 221 resumes the conveyance control for the first
recording material whose conveyance has been stopped at the
registration sensor 356 (312a). It is indicated in the figure as
“virtual position of registration-sensor-on on belt” 312a. The
“virtual position of registration-sensor-on on belt” represents
such a position that a time period taken by the leading edge of
the image to arrive at the secondary transfer portion from the
position on the intermediate transfer belt 80 is equal to a time
period taken by the leading edge of the recording material to
arrive at the secondary transfer portion from the position of
the registration sensor 3556. The speed of the sheet conveyance
portion 215 increases from zero to become the steady speed V
(indicated in the figure as “resuming conveyance” in the
status 370a of the first sheet).

The CPU 211 outputs the /TOP signal of the second sheet
after a time period corresponding to (image size (302a))+
(margin between images (image interval (303a))) has elapsed
since the output timing (301a) of the /TOP signal of the first
sheet (304a). The image size (302a) is a size of the toner
image in the conveying direction. The image interval (303a)
is an interval between a trailing edge of the toner image
corresponding to the first sheet and the leading edge of the
toner image corresponding to the second sheet in the case
where the toner image is formed on the intermediate transfer
belt 80.

The conveyance control portion 221 starts the sheet feed-
ing operation for the second sheet at a sheet feeding timing
(3224) determined from the output timing (304a) of the /TOP
signal of the second sheet (indicated in the figure as “sheet
feeding” in the status 380a of the second sheet). When the
sheet leading edge of the second sheet arrives at the pre-
registration sensor 35a (332a), the conveyance control por-
tion 221 calculates a difference time period At; (334a)
between a theoretical value (342a) of a pre-registration sensor
arrival timing and an actually measured value (332a) thereof.
Here, the theoretical value represents a timing assumed in a
case where the recording material is conveyed from the start
of'the sheet feeding to the arrival at the pre-registration sensor
35a without a variation. The conveyance control portion 221
carries out the conveyance speed control so that the difference
time period At, can be canceled before the arrival at the
registration sensor 356 (conveyance speed control A (382a))
(indicated in the figure as “second conveyance (conveyance
speed control A)” in the status 380a of the second sheet).

Now, the conveyance speed control A is described in detail.
For example, the conveyance speed is decreased (391a (solid
line)) when the sheet leading edge of the subsequent sheet
arrives at the pre-registration sensor 35a earlier than the theo-
retical value ((theoretical value (342a))>(actually measured
value (3324))) because the subsequent sheet is doubly fed by
the preceding sheet. In contrast, when the sheet leading edge
of the subsequent sheet arrives at the pre-registration sensor
35a later than the theoretical value ((theoretical value (3424))
<(actually measured value (333a))) due to a slip between the
cassette pickup roller 17 and the sheet, the following opera-
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tion is performed. That is, the conveyance speed is increased
(392a (broken line)), and the speed is returned to a steady
speed immediately before the arrival at the registration sen-
sor. A method of calculating the speed for conveying the
recording material by the conveyance speed control A is
described below.

For example, in the case of decreasing the conveyance
speed (391a (solid line)), assuming that:
T, prog 18 @ time period (a theoretical value) taken between
the pre-registration sensor 35a and the registration sensor
35b;
At, is a difference time period (334a) between the theoretical
value (342a) of the pre-registration sensor and the actually
measured value (332q) thereof;
T o 18 @ time period required to decrease the conveyance
speed from the steady speed V to a conveyance speed con-
trolling speed V_,,;;
T,, is atime period required to increase the conveyance speed
from the conveyance speed controlling speed V_,, to the
steady speed V; and
T is a time period during which the recording material is
conveyed at the conveyance speed controlling speed V_,,,,
atime period for carrying out the conveyance speed control is
expressed as the following expression.

T +AL; :Tdow,,+T+Tup

reg_preg

ctr

(Expression 1)

Further, assuming that:
V is a steady speed;
V_,.;1s a conveyance speed controlling speed; and
S1 is a recording material conveyance distance of the leading
edge of the recording material from arrival at the pre-regis-
tration sensor 35a up to arrival at the registration sensor 355,
a section (distance) for carrying out the conveyance speed
control establishes the following expression.

SI=((VHV o)X T o) 2HITXV o )H(VHV )X T, )2 (Expression 2)

S1 is the same as the conveyance distance (=T, ,,..xV)
in the case where the leading edge of the recording material
arrives at the pre-registration sensor 35a and the registration
sensor 355 at ideal timings (that is, the recording material is
conveyed at the steady-state speed V without the conveyance
speed control), and hence the following expression is estab-
lished.

Treg preg VP4V co)X Tgon) 2H(TXV ciri)+

reg_pr

(V+Voy)xT )2 (Expression 3)

Here, assuming that an acceleration applied when the step-
ping motor is accelerated and decelerated is g, the following
expression is established.

When the stepping motor is decelerated:

Veert=V=-8%Laonm (Expression 4)

When the stepping motor is accelerated:

V=V oprtgx T, (Expression 5)

The conveyance speed control A is carried out by calculat-
ing V_,, and T from (Expression 1) to (Expression 5). The
acceleration g differs depending on characteristics of the
stepping motor, the control method thereof, or the like. There-
fore, information on the acceleration g is retained in the
memory (not shown) of the CPU 211 in advance and output
from the CPU 211 to the conveyance control portion 221. The
conveyance control portion 221 may include the memory (not
shown), and the information on the acceleration g may be
retained in the memory (not shown) in advance.

In the case of increasing the conveyance speed (392a), the
arrival timing of the second sheet at the pre-registration sen-
sor 35a is assumed as a timing of 333a (broker line) as the
actually measured value.
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Assuming that At, is a difference time period (335q)
between the theoretical value of the pre-registration sensor
and the actually measured value thereof, the following
expression is established.

T —At, :Tup+ T+ j0n

veg_preg (Expression 6)
Assuming that:

V.12 18 a conveyance speed controlling speed; and

S2 is a recording material conveyance distance of the leading
edge of the recording material from arrival at the pre-regis-
tration sensor 35a up to arrival at the registration sensor 355,
a section (distance) for carrying out the conveyance speed
control establishes the following expression.

S2=((V+V o)X T, ) 2H(TXV o p)H(VHV o)X

T iorm)/2 (Expression 7)

S2 is the same as the conveyance distance (=T, ,,,.,xV)
in the case where the leading edge of the recording material
arrives at the pre-registration sensor 35a and the registration
sensor 3554 at ideal timings (that is, the recording material is
conveyed at the steady-state speed V without the conveyance
speed control), and hence the following expression is estab-
lished.

Treg preg VA4V o)X 1) 24(TXV o)+

(VY% T gorm)/2 (Expression 8)

The conveyance speed control A is carried out by calculat-
ing V_,,, and T from (Expression 4) to (Expression 8).

The conveyance speed control A cancels a variation of the
pre-registration sensor arrival timing caused in the case where
the recording material is conveyed from a sheet-feeding start
position to the pre-registration sensor 35a. Examples of the
sheet-feeding start position include the position of a leading
edge portion of the recording material P stacked on the top of
the main body cassette 16 and a nip portion being the position
in which the cassette pickup roller 17 is brought into contact
with the conveying path. The variation of the pre-registration
sensor arrival timing is caused by an amount of stacked
sheets, a doubly-fed amount due to the preceding sheet, and a
slip between the cassette pickup roller 17 and the sheet (here-
inafter referred to as “variation in sheet feeding”).

After that, when the sheet leading edge of the second sheet
arrives at the registration sensor 355, the conveyance control
portion 221 calculates a difference time period between a
theoretical value (363a) of a registration sensor arrival timing
and an actually measured value (353a) thereof. The convey-
ance control portion 221 carries out the conveyance speed
control so that this difference can be canceled before the
arrival (313a) at the merge point 35¢ (conveyance speed
control B (383a)) (indicated in the figure as “third conveyance
(conveyance speed control B)” in the status 380a of the sec-
ond sheet).

The conveyance speed control B is performed in the same
manner as the conveyance speed control A described above.
After that, the conveyance control portion 221 returns the
conveyance speed to the steady speed V (313a) before the
sheet leading edge arrives at the merge point 35¢ (indicated in
the figure as “virtual position of merge point on belt” in 310a).

The conveyance speed control B cancels a variation in the
registration sensor arrival timing caused in the case where the
recording material is conveyed from the pre-registration sen-
sor 35a to the registration sensor 355. In the case where the
recording material is conveyed to the registration roller 18 by
the cassette pickup roller 17, the recording material is not
nipped by conveyance rollers, and hence a slip depending on
a surface condition of the recording material and a variation
relating to a sheet feeding roller (abrasion state) occurs (here-
inafter referred to as “conveyance variation (slip)”). The
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variation in the registration sensor arrival timing occurs due to
this conveyance variation (slip).

After that, the conveyance control portion 221 conveys the
recording material at the steady speed V after the sheet lead-
ing edge arrives at the merge point 35¢, the fixing control
portion 214 fixes the image thereto, and the recording mate-
rial is delivered to the outside of the apparatus (384a) (indi-
cated in the figure as “conveyance” in the status 380a of the
second sheet). A status 381a indicates that the second sheet
380a is in first conveyance. The “first conveyance” is a status
between the sheet feeding and the arrival at the registration
sensor 35b. An actually measured value 352¢ is an actually
measured value of a timing at which the trailing edge of the
first sheet passes through the registration sensor 355, a theo-
retical value 361« is a theoretical value of a timing at which
the leading edge of the first sheet arrives at the registration
sensor 355, and a theoretical value 362a is a theoretical value
of a timing at which the trailing edge of the first sheet passes
through the registration sensor 354.

In the conventional example illustrated in FIG. 3A, as
described above, the cassette pickup roller 17 and the regis-
tration roller 18 are respectively driven to rotate by the sepa-
rate driving source (such as stepping motor) to convey the
recording material. Therefore, the conveyance speed control
for the subsequent sheet does not affect the conveyance con-
trol for the preceding sheet.

(Case of the Same Driving Source)

FIG. 3B is a timing chart of the conventional conveyance
speed control in the case where the cassette pickup roller 17
and the registration roller 18 are driven to rotate by the same
driving source (such as stepping motor) to convey the record-
ing material. The description of the same control as that of
FIG. 3A is omitted, and the difference from the control
described with reference to FIG. 3A is described. In FIG. 3B,
the suffix “b” is added to reference symbols corresponding to
those of FIG. 3A instead of the suffix “a”.

In FIG. 3B, the cassette pickup roller 17 and the registra-
tion roller 18 are driven to rotate by the same driving source
(such as stepping motor) to convey the recording material.
Therefore, as described with reference to FIG. 3A, the con-
veyance speed control carried out for the subsequent sheet
being the second sheet at the pre-registration sensor arrival
timing (actually measured value 3324 or 3334 in FIG. 3A)
affects the conveyance of the preceding sheet being the first
sheet. This is because, in the case where the cassette pickup
roller 17 and the registration roller 18 are driven to rotate by
the same driving source, the registration roller 18 being
driven by the same driving source is changed in the speed.
That is, the conveyance speed control A indicated in the status
382a of FIG. 3 A is started before the timing 3524 at which the
trailing edge of the first sheet passes through the registration
sensor 35b. As a result, the driving that uses the same driving
source affects the first sheet being conveyed by the registra-
tion roller 18.

As illustrated in the example of FIG. 3B, a sheet feeding
interval (3235) needs to be increased in advance (3045) so
that the trailing edge of the preceding sheet reliably passes
through the registration sensor 355 (3525) before the pre-
registration sensor arrival timing (3325) of the leading edge of
the subsequent sheet. With this, an interval of image forma-
tion is not only provided with an image interval (3035)
described with reference to FIG. 3A but also increased by a
correction sheet gap for waiting until the preceding sheet has
passed through the registration sensor (3045). The CPU 211
outputs the /TOP signal of the second sheet (3055) after the
time period corresponding to (image size (30254))+(image
interval (3035))+(correction sheet gap for waiting until the
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preceding sheet has passed through the registration sensor
(3045)) has elapsed since the /TOP signal of the first sheet is
output (3015). Therefore, in the case of using the same driv-
ing source to drive the cassette pickup roller 17 and the
registration roller 18, productivity becomes lower than in the
case of using the separate driving sources to drive the cassette
pickup roller 17 and the registration roller 18.

(Conveyance Speed Control According to this Embodi-
ment)

FIG. 4 is a timing chart of two-sheet continuous printing
according to this embodiment. In this embodiment, a method
of canceling variations of the sheet feeding and the convey-
ance of the recording material without increasing an image
interval even in a configuration in which conveyance portions
between the start of the sheet feeding and the arrival at the
secondary transfer position are driven by the same driving
source is described. In the timing chart of FIG. 4, the respec-
tive signals correspond to those of FIGS. 3A and 3B, and
descriptions thereof are omitted. In FIG. 4, the reference
symbols on the order of 400 correspond to the reference
symbols on the order of 300 used in FIGS. 3A and 3B.
However, in FIG. 4, in terms of the pre-registration sensor
35a, atiming at which the trailing edge of the first sheet passes
therethrough is assumed as the actually measured value 432,
the arrival timing of the leading edge of the second sheet is
assumed as the actually measured value 433, and a difference
time period At; described later is assumed as a difference time
period 434.

The CPU 211 outputs the /TOP signal of the first sheet
(401), and starts the image forming operation for the first
sheet (411). Further, the CPU 211 instructs the sheet convey-
ance portion 215 to start the printing operation, and the con-
veyance control portion 221 of the sheet conveyance portion
215 starts the sheet feeding operation (421). The conveyance
control portion 221 conveys the first sheet until the leading
edge of the first sheet arrives at the registration sensor 355
(451). At the timing at which the leading edge of the first sheet
arrives at the registration sensor 356 (451), the conveyance
control portion 221 decreases the speed of the conveyance
portion from the steady speed V to stop the conveyance con-
trol. The conveyance control portion 221 sets the first sheet to
a state of “waiting for leading edge of image” (471) until the
leading edge of the image arrives at a virtual position of
registration-sensor-on 412 on the intermediate transfer belt
80. When the leading edge of the image arrives at the virtual
position of registration-sensor-on 412 on the intermediate
transfer belt 80, the conveyance control portion 221 resumes
the conveyance control for the recording material in synchro-
nization with the image formed on the intermediate transfer
belt 80 (412). That is, the speed of the conveyance portion is
returned to the steady speed V, and the conveyance of the first
sheet is resumed (indicated in the figure as “resuming con-
veyance” in a status 470 of the first sheet).

The CPU 211 outputs the /TOP signal of the second sheet
after a time period corresponding to (image size (402))+
(margin between images (image interval (403))) has elapsed
since the output timing (401) ofthe /TOP signal of a first sheet
(404). In this point, this embodiment is different from the
conventional control of FIG. 3B provided additionally with
the correction sheet gap for waiting until the preceding sheet
has passed through the registration sensor (3045). The CPU
211 instructs the sheet conveyance portion 215 to start the
printing operation at the output timing (404) of the /TOP
signal of the second sheet, and the conveyance control portion
221 starts the sheet feeding operation for the second sheet at
a sheet feeding timing (422) determined from the output
timing (404) of the /TOP signal. At the timing (433) at which
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the leading edge of the second sheet arrives at the pre-regis-
tration sensor 354, the conveyance control portion 221 calcu-
lates the difference time period At; (434) between a theoreti-
cal value (442) of the pre-registration sensor arrival timing
and the actually measured value (433) thereof instead of
carrying out the conveyance speed control A. Then, until the
timing (452) at which the trailing edge of the first sheet being
the preceding sheet passes through the registration sensor
35b, the conveyance control portion 221 conveys the first
sheet and the second sheet at the steady speed V (481) (indi-
cated in the figure as “second conveyance (steady speed)” in
a status 480 of the second sheet).

The conveyance control portion 221 uses, for example, the
timer (not shown) to measure a time period T, (491) elapsed
after the timing (433) at which the leading edge of the second
sheet being the subsequent sheet (current sheet) arrives at the
pre-registration sensor 35a until the timing (452) at which the
trailing edge of the first sheet being the preceding sheet passes
through the registration sensor 355. Then, the conveyance
control portion 221 carries out the conveyance speed control
A for the second recording material (482) at the timing (452)
at which the trailing edge of the preceding sheet passes
through the registration sensor 354.

(Conveyance Speed Control A)

The method of calculating the speed for conveying the
recording material by the conveyance speed control A is
described below.

Assuming that T, is the time period (491) taken by the
preceding sheet (first sheet) to pass through the registration
sensor, a time period for carrying out the conveyance speed
control A is expressed as the following expression.

T +AL-T= Tdow,,+T+Tup

reg_preg

(Expression 9)

Assuming that:
V is a steady speed;
V_,.;1s a conveyance speed controlling speed;
S3 is arecording material conveyance distance from arrival of
the leading edge of the subsequent sheet at the pre-registra-
tion sensor 35a up to passing of the trailing edge of the
preceding sheet through the registration sensor 355; and
S4 is a recording material conveyance distance of the subse-
quent sheet that is conveyed by the conveyance speed control
As
the following expression is established.

S3=PxT,

SA=(VHY )X Lgonn) 20 (XY ) H (VY )X T, )2

A sum of the recording material conveyance distance (S3)
and the recording material conveyance distance (S4) of the
subsequent sheet that is conveyed by the conveyance speed
control A is the same as the conveyance distance (=T, %
V) in the case where the leading edge of the recording mate-
rial arrives at the pre-registration sensor 35a and the registra-
tion sensor 355 at ideal timings. The ideal timing is a timing
assumed in the case where the recording material is conveyed
at the steady speed V without the conveyance speed control.
Accordingly, the following expression is established.

T,

reg_preg

xV =853+54 (Expression 10)

= (VXT) + (Y + Vo) X Taown) [ 2+

(T Vo) + (V + Ver) X Typp) /2
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The conveyance speed control A is carried out by calculat-
ingV_,,and T from (Expression 4), (Expression 5), (Expres-
sion 9), and (Expression 10). The acceleration g is as
described above.

The recording material conveyance distance S1 of the
recording material that is conveyed by the conveyance speed
control A according to the conventional example is equal to
the sum of the recording material conveyance distance S3 of
the recording material that is conveyed by the conveyance
control from the pre-registration sensor 35q until the start of
the conveyance speed control and the recording material con-
veyance distance S4 of the recording material that is con-
veyed by the conveyance speed control A according to this
embodiment. That is, the following expression is established.

Trog_preg®V=S1=53+54.

The conveyance control portion 221 performs the convey-
ance speed control B (483) at a timing (453) at which the
leading edge of the second recording material arrives at the
registration sensor 355.

(Conveyance Speed Control B)

The conveyance speed control B is described below in
detail. First, a difference between an actually measured value
(453) of the registration sensor arrival timing of the second
recording material detected by the registration sensor 355 at
the timing (453) and a theoretical value (463) thereof defined
in advance is calculated. The conveyance control portion 221
carries out the conveyance speed control by increasing or
decreasing the conveyance speed so that the conveyance con-
trol portion 221 can cancel this difference (conveyance varia-
tion) before the arrival time (413) at the merge point 35¢. The
conveyance speed control B is performed so as to return the
conveyance speed to the steady speed V immediately before
the leading edge of the second recording material arrives at
the merge point 35¢. The conveyance speed is calculated by
the same method as the conventional examples described
with reference to FIGS. 3A and 3B.

The conveyance control portion 221 conveys the recording
material by switching the conveyance speed to the steady
speed V through the conveyance speed control B before the
leading edge ofthe second sheet arrives at the merge point 35¢
(413), the CPU 211 causes the fixing control portion 214 to fix
the image thereto, and the recording material is delivered to
the outside of the apparatus (484).

(Recording Material Conveyance Control Processing
According to this Embodiment)

FIG. 5 is a flowchart according to this embodiment. The
flowchart of FIG. 5 is a flowchart relating to recording mate-
rial conveyance control for the second sheet (subsequent
sheet) to be subjected to the conveyance speed control. The
control is described below in detail. In Step S500 (hereinafter
referred to simply as “S500”; the same applies to the other
step numbers), the conveyance control portion 221 causes the
cassette pickup roller 17 to start feeding the second recording
material to be subjected to the conveyance speed control at a
predetermined timing (timing 422 in FIG. 4) after the CPU
211 outputs the /TOP signal (output timing 404 in FIG. 4). In
S501, the conveyance control portion 221 determines
whether or not the leading edge of the second sheet has been
detected by the pre-registration sensor 354, that is, whether or
not the subsequent sheet has arrived at the pre-registration
sensor 354. When determining in S501 that the subsequent
sheet has not arrived at the pre-registration sensor 35a, the
conveyance control portion 221 returns to the processing of
S501. When determining in S501 that the leading edge of the
second sheet being the subsequent sheet has arrived at the
pre-registration sensor 35a (actually measured value 433 in
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FIG. 4), the conveyance control portion 221 starts the timer
(not shown) in S502, and starts measuring the time period T,
(491) taken by the preceding sheet to pass through the regis-
tration sensor (S502).

In S503, the conveyance control portion 221 determines
whether or not the trailing edge of the first sheet being the
preceding sheet has been detected by the registration sensor
35b, that is, whether or not the preceding sheet has passed
through the registration sensor 355. When determining in
S503 that the preceding sheet has not passed through the
registration sensor 355, the conveyance control portion 221
returns to the processing of S503. When determining in S503
that the trailing edge of the first sheet being the preceding
sheet has passed through the registration sensor 355 (actually
measured value 452 in FIG. 4), in S504, the conveyance
control portion 221 stops the timer started in S502 to end
measuring the time period T, (491) taken by the preceding
sheet to pass through the registration sensor. In S505, the
conveyance control portion 221 starts the conveyance speed
control A described above. Here, the conveyance control por-
tion 221 carries out the conveyance speed control A (status
482 in FIG. 4) by calculating V_,, and T from (Expression 4),
(Expression 5), (Expression 9), and (Expression 10) as
described above.

In S506, the conveyance control portion 221 determines
whether or not the leading edge of the second recording
material has been detected by the registration sensor 355, that
is, whether or not the subsequent sheet has arrived at the
registration sensor 355. When determining in S506 that the
subsequent sheet has not arrived at the registration sensor
35b, the conveyance control portion 221 returns to the pro-
cessing of S506. When determining in S506 that the leading
edge of the subsequent sheet has arrived at the registration
sensor 355 (actually measured value 453 in FIG. 4), the
conveyance control portion 221 carries out the conveyance
speed control B in S507 (status 483 in FIG. 4).

According to this embodiment, in the image forming appa-
ratus for conveying the recording material from the start of the
sheet feeding up to the arrival at the secondary transfer posi-
tion by using one driving source, the recording materials are
controlled as follows when being conveyed continuously.
That is, the conveyance speed of a subsequent recording
material is controlled at the timing at which the recording
material being conveyed earlier has passed through the con-
veying path being driven by the driving source. With this
control, it is possible to obtain a satisfactory image while
suppressing the variation in the sheet feeding or conveyance
without affecting the conveyance of the recording material
being conveyed earlier or the secondary transfer thereof and
without lowering the productivity. Further, in this embodi-
ment, the example in which two sheet detection sensors are
used to control the conveyance speed two times by the con-
veyance speed control A and the conveyance speed control B
is described, but various changes can be made thereto based
on the gist of the present invention and are not to be excluded
from the scope of the present invention.

As described above, according to this embodiment, it is
possible to obtain a satisfactory image while suppressing the
conveyance variation of the subsequent sheet without affect-
ing the conveyance of the preceding sheet or the image for-
mation thereof and without lowering the productivity even
when the recording materials are continuously conveyed by
the same driving source.

Second Embodiment

In the first embodiment, the conveyance speed control A is
performed after the preceding sheet has passed through the
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registration roller 18, and hence the conveyance speed control
A is carried out after waiting until the trailing edge of the
preceding sheet has passed through the registration sensor
35b. However, the registration sensor 355 detects the trailing
edge of the recording material at the timing at which the
trailing edge of the recording material arrives at the position
downstream of the nip portion of the registration roller 18.
FIG. 6 illustrates a main part of the conveying path between a
sheet feeding portion and a secondary transfer portion. As
illustrated in FIG. 6, at a timing (600) at which the trailing
edge of the recording material (thick solid line indicated as
“sheet” in the figure) passes through the registration sensor
35b, the trailing edge of the recording material has been
conveyed downstream of the nip portion of the registration
roller 18 by a distance 601.

In the second embodiment, a method of predicting the
position of the preceding sheet with the pre-registration sen-
sor 35a and carrying out the conveyance speed control A
immediately after the trailing edge of the preceding sheet of
the recording material has passed through the registration
roller 18 is described. An overall structure of the laser printer
serving as the image forming apparatus and a system block
diagram are the same as those of the first embodiment (FIG.
1 and FIG. 2), and descriptions thereof are omitted.

(Recording Material Conveyance Control According to
this Embodiment)

FIG. 7 is a timing chart of two-sheet continuous printing
according to this embodiment. In the timing chart of FIG. 7,
the image formation and the recording material conveyance
control for the first sheet are the same as those of the first
embodiment. Therefore, descriptions thereof are omitted, and
the recording material conveyance control for the second
sheet is described below. In the timing chart of FIG. 7, the
respective signals correspond to those of FIG. 4, and the
reference symbols on the order of 700 correspond to the
reference symbols on the order of 400 used in FIG. 4.

At the timing (732) at which the trailing edge of the pre-
ceding sheet has passed through the pre-registration sensor
35a, the conveyance control portion 221 starts measuring a
time period T, (792) taken by the preceding sheet to pass
through the registration roller for measuring the time period
elapsed until the trailing edge of the preceding sheet has
passed through the nip portion of the registration roller 18.
Here, a distance between the pre-registration sensor 35a¢ and
the registration roller 18, and the conveyance speed of the
recording material are known, and hence it is uniquely deter-
mined when the preceding sheet that has passed through the
pre-registration sensor 35aq is to pass through the nip portion
of the registration roller 18. That is, from the distance
between the pre-registration sensor 35q and the registration
roller 18 and the conveyance speed (steady speed V) of the
preceding sheet, it is possible to calculate the time period T,
(time period taken by the preceding sheet to pass through the
registration roller) elapsed after the trailing edge of the pre-
ceding sheet passes through the pre-registration sensor 35a
until the trailing edge of the preceding sheet passes through
the registration roller 18. Accordingly, for example, the timer
(not shown) may be started when the trailing edge of the
preceding sheet passes through the pre-registration sensor
35a, and when the time period T, has elapsed, it is conceiv-
able that the preceding sheet has passed through the nip
portion of the registration roller 18. In FIG. 7, the timing of
the passing is indicated as a timing 793.

The conveyance control portion 221 measures a time
period (pre-registration sensor sheet gap time period) At,;,,..
(791) elapsed after the trailing edge of the first sheet being the
preceding sheet has passed through the pre-registration sen-
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sor 35a (732) until the leading edge of the second sheet being
the subsequent sheet (current sheet) that has been fed arrives
at the pre-registration sensor 35a (733). At the timing (733) at
which the leading edge of the subsequent sheet arrives at the
pre-registration sensor 35a, the conveyance control portion
221 calculates a difference time period At, (734) between a
theoretical value (742) of the pre-registration sensor arrival
timing and an actually measured value (733) thereof, to
thereby determine a timing to execute the conveyance speed
control A.

The method of calculating the speed for conveying the
recording material by the conveyance speed control A is
described below.

Assuming that:

T, is a time period (792) taken by the preceding sheet to pass
through the registration roller;

Aty 1S a pre-registration sensor sheet gap time period
(791); and

At, is a difference time period (734) between the theoretical
value (742) of the pre-registration sensor arrival timing of the
second sheet and the actually measured value (733) thereof,
the time period for carrying out the conveyance speed control
is expressed by the following expression.

T, AAL=(To~ Al i)t ot T+ T,

reg_preg

(Expression 11)

Further, assuming that:
V is a steady speed;
V., 1s a conveyance speed controlling speed;
S5 is arecording material conveyance distance from arrival of
the leading edge of the second recording material at the pre-
registration sensor 35a up to passing of the trailing edge of the
preceding sheet through the nip portion of the registration
roller 18; and
S6 is a recording material conveyance distance of the record-
ing material that is conveyed by the conveyance speed control
As
a section (distance) for carrying out the conveyance speed
control establishes the following expression.

S5=Vx(ToAlpjanr)

SE=((F+V o)X Laoram) 2H(TXV oo DH(VHV o)X T ) 2

A sum of the recording material conveyance distance (S5)
and the recording material conveyance distance (S6) of the
recording material that is conveyed by the conveyance speed
control A is the same as the conveyance distance (=T, %
V) in the case where the leading edge of the recording mate-
rial arrives at the pre-registration sensor 35a and the registra-
tion sensor 356 at ideal timings. Accordingly, the following
expression is established.

Treg preg XV =55+ 56 (Expression 12)

=V X(T; — Atpigm) +
((V + Vert) X Taonon) [ 2 +

(T Vo) + (V + Ver) X Typp) /2

In the manner described above, the conveyance speed con-
trol A is carried out (782) by calculating V_,,; and T from
(Expression 4), (Expression 5), (Expression 11), and (Ex-
pression 12).

The conveyance control portion 221 performs the convey-
ance speed control B (783) at the timing (753) at which the
leading edge of the second sheet arrives at the registration
sensor 35b. In the conveyance speed control B, in the same
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manner as in the first embodiment, the conveyance speed is
calculated by the same method as the conventional examples
described with reference to FIGS. 3A and 3B. The convey-
ance control portion 221 conveys the recording material by
switching the conveyance speed to the steady speed through
the conveyance speed control B before the sheet leading edge
arrives at the merge point 35¢ (713), the CPU 211 causes the
fixing control portion 214 to fix the image thereto, and the
recording material is delivered to the outside of the apparatus
(784).

(Recording Material Conveyance Control Processing
According to this Embodiment)

FIG. 8 is a flowchart according to this embodiment. The
flowchart of FIG. 8 is a flowchart relating to recording mate-
rial conveyance control for the second sheet (subsequent
sheet) to be subjected to the conveyance speed control. The
control is described below in detail.

In S800, the conveyance control portion 221 starts feeding
the second recording material being the subsequent sheet to
be subjected to the conveyance speed control (timing 722 in
FIG. 7). In S801, the conveyance control portion 221 deter-
mines whether or not the trailing edge of the first sheet being
the preceding sheet has passed through the pre-registration
sensor 35a. When determining in S801 that the trailing edge
of the preceding sheet has not passed through the pre-regis-
tration sensor 354, the conveyance control portion 221 returns
to the processing of S801. When determining in S801 that the
trailing edge of the preceding sheet has passed through the
pre-registration sensor 35a (actually measured value 732 in
FIG. 7), the conveyance control portion 221 advances to the
processing of S802. In S802, the conveyance control portion
221 starts the timer (not shown) to start measuring the time
period T, for measuring the time period elapsed until the
trailing edge of the preceding sheet has passed through the nip
portion of the registration roller 18 (timing 793 in FIG. 7).

In S803, the conveyance control portion 221 determines
whether or not the leading edge of the second recording
material being the subsequent sheet (current sheet) has been
detected by the pre-registration sensor 354, that is, whether or
not the leading edge of the subsequent sheet has arrived at the
pre-registration sensor 35a. When determining in S803 that
the leading edge of the subsequent sheet has not arrived at the
pre-registration sensor 35q, the conveyance control portion
221 returns to the processing of S803. When determining in
S803 that the leading edge of the subsequent sheet has arrived
at the pre-registration sensor 35a (actually measured value
733 in FI1G. 7), the conveyance control portion 221 advances
to the processing of S804. In S804, the conveyance control
portion 221 measures the pre-registration sensor sheet gap
time period At,,,, .. Further, the conveyance control portion
221 determines the time period T, elapsed until the preceding
sheet has passed through the registration roller as the timing
to start the conveyance speed control A as described above.
The pre-registration sensor sheet gap time period At,, . may
be measured by referring to the value of the timer started in
S802, or measured by using a timer other than the timer
started in S§02.

In S805, the conveyance control portion 221 determines
whether or not the timing to start the conveyance speed con-
trol A has been reached. When determining in S805 that the
timing to start the conveyance speed control A has not been
reached, the conveyance control portion 221 returns to the
processing of S805. When determining in S805 that the tim-
ing to start the conveyance speed control A has been reached
(timing 793 in FIG. 7), the conveyance control portion 221
executes the conveyance speed control A in S806 (status 782
in FIG. 7). When determining that the time period T, of
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“(distance between pre-registration sensor 35a and registra-
tion roller 18)/(steady speed V)” has elapsed by referring to
the timer that has started measurement in S802, the convey-
ance control portion 221 determines that the timing to start the
conveyance speed control A has been reached. That is, the
timing to start the conveyance speed control A is the timing
793 in FIG. 7, which is a timing at which the trailing edge of
the preceding sheet is expected to have passed through the
registration roller 18. Further, the conveyance control portion
221 carries out the conveyance speed control A by calculating
V_,;and T from (Expression 4), (Expression 5), (Expression
11), and (Expression 12) as described above.

In S807, the conveyance control portion 221 determines
whether or not the leading edge of the second sheet being the
subsequent sheet (current sheet) has arrived at the registration
sensor 355, and when determining that the leading edge of the
subsequent sheet has not arrived at the registration sensor
35b, returns to the processing of S807. When determining in
S807 that the leading edge of the subsequent sheet has arrived
at the registration sensor 355 (actually measured value 753 in
FIG. 7), the conveyance control portion 221 executes the
conveyance speed control B in S808 (status 783 in FI1G. 7).

According to this embodiment, in the image forming appa-
ratus for conveying the recording material from the start of the
sheet feeding up to the arrival at the secondary transfer posi-
tion by using one driving source, the conveyance speed con-
trol for the subsequent recording material is performed as
follows when the recording materials are conveyed continu-
ously. That is, the control is performed at the timing at which
it is detected that the recording material being conveyed ear-
lier has passed through the position on the conveying path
provided with the rollers and the like that are being driven by
one driving source. With this control, it is possible to obtain a
satisfactory image while suppressing the variation in the sheet
feeding or conveyance without affecting the conveyance of
the recording material being conveyed earlier or the second-
ary transfer thereof and without lowering the productivity.
Further, unlike the first embodiment, the timing at which the
preceding sheet passes through the registration roller 18 is
predicted to carry out the conveyance speed control A.
Accordingly, it is possible to secure more sections that enable
correction by the distance (601) between the registration
roller 18 and the registration sensor 3554, and correct more
variations in the sheet feeding.

In this embodiment, the example in which two recording
material detection sensors are used to control the conveyance
speed two times by the conveyance speed control A and the
conveyance speed control B is described, but various changes
can be made thereto based on the gist of the present invention
and are not to be excluded from the scope of the present
invention.

As described above, according to this embodiment, it is
possible to obtain a satisfactory image while suppressing the
conveyance variation of the subsequent sheet without affect-
ing the conveyance of the preceding sheet or the image for-
mation thereof and without lowering the productivity even
when the recording materials are continuously conveyed by
the same driving source.

Third Embodiment

In a third embodiment of the present invention, which has
a structure in which a distance between the position of the
pre-registration sensor 35a and the position of the registration
sensor 355 is shorter than the image interval of the continuous
printing, a method of carrying out the conveyance speed
control on an acceleration side from the pre-registration sen-
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sor 35a and carrying out the conveyance speed control on a
deceleration side from the registration sensor 3554 is
described. According to this embodiment, the conveyance
speed control on the acceleration side is carried out from the
pre-registration sensor 354, and hence it is possible to secure
more sections that enable correction of the acceleration. On
the other hand, the conveyance speed control on the decelera-
tion side is carried out from the registration sensor 355, and
hence it is possible to reduce the conveyance variation
between the pre-registration sensor 35q and the registration
sensor 35h. An overall structure of the laser printer serving as
the image forming apparatus and a system block diagram are
the same as those of the first and second embodiments (FIG.
1 and FIG. 2), and descriptions thereof are omitted.

(Recording Material Conveyance Control According to
this Embodiment)

FIGS. 9 and 10 are timing charts of two-sheet continuous
printing according to this embodiment. In the timing charts of
FIGS. 9 and 10, the image formation and the recording mate-
rial conveyance control for the first sheet (preceding sheet)
are the same as those of the first and second embodiments.
Therefore, descriptions thereof are omitted, and the recording
material conveyance control for the second sheet (subsequent
sheet or current sheet) is described below. In the timing charts
of FIGS. 9 and 10, the respective signals correspond to those
of FIG. 4, and the reference symbols on the order of 900 and
1000 correspond to the reference symbols on the order of 400
used in FIG. 4.

(Conveyance Speed Control on Deceleration Side)

In FIG. 9, when the timing (933) at which the leading edge
of the subsequent sheet arrives at the pre-registration sensor
35a is earlier than a theoretical value (942) (predetermined
timing) of the pre-registration sensor arrival timing, the con-
veyance control portion 221 determines as follows. That is,
the conveyance control portion 221 determines that the con-
veyance variation can be sufficiently canceled by carrying out
the conveyance speed control from the timing (953) at which
the leading edge of the subsequent sheet arrives at the regis-
tration sensor 35b. The timing at which the conveyance con-
trol portion 221 starts the conveyance speed control is the
timing (953) at which the leading edge of the subsequent
sheet arrives at the registration sensor 355, and is therefore
after the trailing edge of the preceding sheet has passed
through the registration sensor 355.

Subsequently, the conveyance control portion 221 calcu-
lates a difference time period At between a theoretical value
(963) of the registration sensor arrival timing and an actually
measured value (953) thereof at the timing (953) at which the
leading edge of the subsequent sheet arrives at the registration
sensor 3556. The conveyance control portion 221 carries out
the conveyance speed control (983) so that this difference
time period At can be canceled before the arrival at the merge
point 35¢ (913).

The method of calculating the speed for conveying the
recording material by the conveyance speed control is
described below.

Assuming that:

T ,rargreg 18 a time period between the registration sensor 355
and the merge point; and

At; is a difference time period between the theoretical value
(963) of the registration sensor arrival timing and the actually
measured value (953) thereof,

the time period for carrying out the conveyance speed control
is expressed by the following expression.

T AALs=T gt T+ Tup

marg_reg’

(Expression 13)
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Further, assuming that:
V is a steady speed;
V., 1s a conveyance speed controlling speed; and
S7 is a recording material conveyance distance of the record-
ing material that is conveyed by the conveyance speed con-
trol,
a section (distance) for carrying out the conveyance speed
control establishes the following expression.

STV )X Lgorn) 24 (XY ) H (VY )X T, )2

The recording material conveyance distance (S7) of the
recording material that is conveyed by the conveyance speed
control is the same as the conveyance distance (=T, ,eeX
V) in the case where the leading edge of the recording mate-
rial arrives at the registration sensor 356 and the merge point
913 at ideal timings, and hence the following expression is
established.

Targ_reg VAV cord)X L) 24 (T V )+

(V+Vop)xT )2 (Expression 14)

In the manner described above, the conveyance speed con-
trol is carried out by calculating V., and T from (Expression
4), (Expression 5), (Expression 13), and (Expression 14).

The conveyance control portion 221 conveys the recording
material by switching the conveyance speed to the steady
speed V through the conveyance speed control before the
leading edge of the subsequent sheet arrives at the merge
point 35¢ (913), the CPU 211 causes the fixing control portion
214 to fix the image thereto, and the recording material is
delivered to the outside of the apparatus (984).

(Conveyance Speed Control on Acceleration Side)

Next, FIG. 10 is described. In FIG. 10, when the timing
(1033) at which the leading edge of the subsequent sheet
arrives at the pre-registration sensor 35¢ is later than a theo-
retical value (1042) (predetermined timing) of the pre-regis-
tration sensor arrival timing, the conveyance control portion
221 determines as follows. That is, the conveyance control
portion 221 determines that the conveyance speed control is
to be carried out from the timing (1033) at which the leading
edge of the second sheet arrives at the pre-registration sensor
35a. In this case, the distance between the pre-registration
sensor 35a and the registration sensor 354 is shorter than an
image interval (1003), and the first conveyance (1081) of the
subsequent sheet is late. Therefore, it may be conceivable that
the trailing edge of the preceding sheet has already passed
through the registration sensor 356 (1052) at the timing at
which the conveyance control portion 221 starts the convey-
ance speed control.

The conveyance control portion 221 calculates a difference
time period Atg between the theoretical value (1042) of the
pre-registration sensor arrival timing and an actually mea-
sured value (1033) thereof, and the conveyance speed control
is carried out so that this difference time period At can be
canceled before the arrival at the merge point 35¢ (1013).

Assuming that At is a difference time period between the
theoretical value (1042) of the pre-registration sensor arrival
timing and the actually measured value (1033) thereof, the
time period for carrying out the conveyance speed control is
expressed as the following expression.

T, +17, ~At6= Tt T+ Lo

arg_regt Treg_preg (Expression 15)
Further, assuming that:

V is a steady speed;

V., 1s a conveyance speed controlling speed; and

S8 is a recording material conveyance distance of the record-

ing material that is conveyed by the conveyance speed con-

trol,
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a section (distance) for carrying out the conveyance speed
control establishes the following expression.

S8=((F+V eort)X Tp) 24H(TXV coy) H(VHV o)X Ty )/ 2

The recording material conveyance distance (S8) of the
recording material that is conveyed by the conveyance speed
control is the same as the conveyance distance (ST, o+
Treg preg)xV) in the case where the leading edge of the
recording material arrives at the pre-registration sensor 35a,
the registration sensor 355, and the merge point 1013 at ideal

timings, and hence the following expression is established.

Trnarg_regt Treg_preg) X V=(V4V o)X T, ) 2H(I%V )+

(V+V 0% T g )2 (Expression 16)

In the manner described above, the conveyance speed con-
trol is carried out by calculating V_,,; and T from (Expression
4), (Expression 5), (Expression 15), and (Expression 16).

The conveyance control portion 221 conveys the recording
material by switching the conveyance speed to the steady
speed through the conveyance speed control before the lead-
ing edge of the subsequent sheet arrives at the merge point 35¢
(1013), the CPU 211 causes the fixing control portion 214 to
fix the image thereto, and the recording material is delivered
to the outside of the apparatus (1084).

(Recording Material Conveyance Control Processing
According to this Embodiment)

FIG. 11 is a flowchart according to this embodiment. The
flowchart of FIG. 11 is a flowchart relating to recording
material conveyance control for the second sheet (subsequent
sheet or current sheet) to be subjected to the conveyance
speed control. The control is described below in detail.

In 81100, the conveyance control portion 221 starts feed-
ing the second recording material to be subjected to the con-
veyance speed control (timing 922 in FIG. 9 and timing 1022
in FIG. 10). In S1101, the conveyance control portion 221
determines whether or not the leading edge of the subsequent
sheet has been detected by the pre-registration sensor 35a,
that is, whether or not the subsequent sheet has arrived at the
pre-registration sensor 35a. When determining in S1101 that
the subsequent sheet has not arrived at the pre-registration
sensor 35q, the conveyance control portion 221 returns to the
processing of S1101. When determining in S1101 that the
leading edge of the subsequent sheet has arrived at the pre-
registration sensor 35a (actually measured value 933 in FIG.
9 and actually measured value 1033 in FIG. 10), the convey-
ance control portion 221 determines in S1102 whether or not
the actually measured value of a pre-registration sensor
arrival time of the subsequent sheet is earlier than the theo-
retical value thereof.

When determining in S1102 that the actually measured
value of the pre-registration sensor arrival time of the subse-
quent sheet is earlier than the theoretical value thereof (actu-
ally measured value 933 in FIG. 9), the conveyance control
portion 221 carries out the conveyance speed control on the
deceleration side at the timing at which the leading edge of the
second sheet arrives at the registration sensor 355 (actually
measured value 953 in FIG. 9). In S1103, the conveyance
control portion 221 determines whether or not the leading
edge of the subsequent sheet has been detected by the regis-
tration sensor 354, that is, whether or not the subsequent sheet
has arrived at the registration sensor 3556. When determining
in S1103 that the subsequent sheet has not arrived at the
registration sensor 355, the conveyance control portion 221
returns to the processing of S1103. When determining in
S1103 that the subsequent sheet has arrived at the registration
sensor 355 (actually measured value 953 in FIG. 9), the
conveyance control portion 221 advances to the processing of
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S1104. In S1104, the conveyance control portion 221 calcu-
lates the difference time period At between the actually mea-
sured value of a registration sensor arrival time and the theo-
retical value thereof, and in S1105, starts the conveyance
speed control based on the difference time period At (status
983 of “third conveyance” in FI1G. 9). That is, the conveyance
control portion 221 carries out the conveyance speed control
on the deceleration side by calculating V,,; and T from (Ex-
pression 4), (Expression 5), (Expression 13), and (Expression
14) as described above.

When determining in S1102 that the actually measured
value of the pre-registration sensor arrival time of the subse-
quent sheet is later than the theoretical value thereof (actually
measured value 1033 in FIG. 10), the conveyance control
portion 221 advances to the processing of S1106. In S1106,
the conveyance control portion 221 calculates the difference
time period Atg between the actually measured value of the
pre-registration sensor arrival time and the theoretical value
thereof, and in S1107, starts the conveyance speed control
based on the difference time period At (status 1083 of “sec-
ond conveyance/third conveyance” in FIG. 10). The convey-
ance control portion 221 carries out the conveyance speed
control on the acceleration side by calculating V_,,; and T
from (Expression 4), (Expression 5), (Expression 15), and
(Expression 16) as described above.

According to this embodiment, in the image forming appa-
ratus for conveying the recording material from the start of the
sheet feeding up to the arrival at the secondary transfer posi-
tion by using one driving source in which two recording
material detection sensors are arranged in such positions that
a distance therebetween is shorter than the image interval of
the continuous printing, the following effect is produced.
That is, the conveyance speed control on the acceleration side
is carried out from the sensor on the upstream side (pre-
registration sensor 35a), and the conveyance speed control on
the deceleration side is carried out from the sensor on the
downstream side (registration sensor 355). Accordingly, it is
possible to secure more sections that enable correction of the
acceleration and reduce the conveyance variation up to the
sensor on the downstream side (registration sensor).

In this embodiment, the two recording material detection
sensors are described by using the pre-registration sensor as
the sensor on the upstream side on the conveying path and the
registration sensor as the sensor on the downstream side, but
various changes can be made thereto based on the gist of the
present invention and are not to be excluded from the scope of
the present invention.

As described above, according to this embodiment, it is
possible to obtain a satisfactory image while suppressing the
conveyance variation of the subsequent sheet without affect-
ing the conveyance of the preceding sheet or the image for-
mation thereof and without lowering the productivity even
when the recording materials are continuously conveyed by
the same driving source.

Fourth Embodiment

In the third embodiment, the method of carrying out the
conveyance speed control on the acceleration side from the
pre-registration sensor and carrying out the conveyance speed
control on the deceleration side from the registration sensor is
described. In a fourth embodiment of the present invention, a
method of performing determination in the following manner
depending on whether or not a conveyance variation amount
detected by the pre-registration sensor 35« is larger than a
variation correction amount (predetermined amount) that can
be corrected between the registration sensor 356 and the
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merge point 35¢ is described. That is, a method of determin-
ing whether the conveyance speed control is carried out from
the pre-registration sensor 354 or from the registration sensor
35b based on the conveyance variation amount detected by
the pre-registration sensor 354 is described. In this case, even
in the case where the conveyance speed control on the accel-
eration side according to the third embodiment is carried out
from the pre-registration sensor 354, the conveyance speed
control on the acceleration side can be carried out from the
registration sensor 355 depending on the conveyance varia-
tion amount.

When the conveyance variation amount detected by the
pre-registration sensor 35a is smaller than the variation cor-
rection amount that can be corrected between the registration
sensor 355 and the merge point, the conveyance speed control
is carried out from the registration sensor 356. With this
control, in an image forming apparatus having such a hard-
ware configuration that a variation occurs even between the
pre-registration sensor 35a and the registration sensor 354, it
is possible to reduce the conveyance variation between the
pre-registration sensor 35a and the registration sensor 355 to
a lower level than in the third embodiment. An overall struc-
ture of the laser printer serving as the image forming appara-
tus and a system block diagram are the same as those of the
first, second, and third embodiments (FIG. 1 and FIG. 2), and
descriptions thereof are omitted.

(Recording Material Conveyance Control According to
this Embodiment)

FIG. 12 is a timing chart of two-sheet continuous printing
according to this embodiment. In the timing chart of FIG. 12,
the image formation and the recording material conveyance
control for the first sheet (preceding sheet) are the same as
those of the first and second embodiments. Therefore,
descriptions thereof are omitted, and the recording material
conveyance control for the second sheet (subsequent sheet or
current sheet) is described below. Note that, in the timing
chart of FIG. 12, the respective signals correspond to those of
FIG. 4, and the reference symbols on the order of 1200 cor-
respond to the reference symbols on the order of 400 used in
FIG. 4.

In FIG. 12, the conveyance control portion 221 calculates a
difference time period At, between a theoretical value (1242)
of the pre-registration sensor arrival timing and an actually
measured value (1233) thereof at the timing (1233) at which
the leading edge of the second sheet being the subsequent
sheet arrives at the pre-registration sensor 35q. Then, the
conveyance control portion 221 determines whether or not
the conveyance variation can be sufficiently canceled by car-
rying out the conveyance speed control from the timing
(1253) at which the leading edge of the subsequent sheet
arrives at the registration sensor 355.

Now, the method of determining whether or not the con-
veyance variation can be sufficiently canceled by carrying out
the conveyance speed control from the registration sensor 356
is described. Supposing that there is no conveyance variation
between the pre-registration sensor 35q and the registration
sensor 35b, the same difference time period At, is used as a
difference time period between a theoretical value (1263) of
the arrival timing of the subsequent sheet at the registration
sensor 356 and the actually measured value (1253) thereof.

Assuming that:

At, is a difference time period between the theoretical value
(1242, 1263) and the actually measured value (1233, 1253) of
the arrival timing of the pre-registration sensor 35a or the
registration sensor 355;
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S9 is a distance corresponding to the conveyance variation
amount at the registration sensor 354 (hereinafter referred to
simply as “conveyance variation amount”);

S10 is a recording material conveyance distance that can be
corrected by the conveyance speed control on the acceleration
side at a maximum speed V. of the motor from the regis-
tration sensor 355 (variation correction amount);

V is a steady speed; and

V., .. 1s a maximum speed,

max

the following expression is established.

S9=VxAt; (Expression 17)
S10=((V4¥ )% T p ) 24(TXV i) H(FHV X

- (Expression 18)

It suffices that the recording material conveyance distance
that can be corrected by the conveyance speed control on the
acceleration side at the maximum speed V,,,, of the motor
from the registration sensor 35b (variation correction
amount) (S10) is larger than the conveyance variation amount
(S9) at the registration sensor 355 (S9<S10), and hence the
following expression is established.

VxAL<((V+V,

max

IXT ) 24 (T) Y (V4 )%

Taown)2 (Expression 19)

As described above, when the values satisfying (Expres-
sion 19) are obtained by (Expression 4), (Expression 5), and
At,, the conveyance control portion 221 determines that the
conveyance variation can be sufficiently canceled by carrying
out the conveyance speed control from the registration sensor
356b.

Supposing that there is no conveyance variation between
the pre-registration sensor 35a and the registration sensor
35b, the description is made as follows. That is, the same
difference time period At, is used to describe the difference
between the theoretical value (1242) of the arrival, timing at
the pre-registration sensor 35a¢ and the actually measured
value (1233) thereof and the difference between the theoreti-
cal value (1263) of the arrival timing at the registration sensor
35b and the actually measured value (1253) thereof. When
there is a conveyance variation between the pre-registration
sensor 35a and the registration sensor 355, from data on the
conveyance variation, the left-hand side of (Expression 19)
may be set as (Expression 20) by substituting (Expression 17)
with the following expression.

SO=Vx(At7+ Al argin) (Expression 20)

Presence/absence of the conveyance variation between the
pre-registration sensor 35a and the registration sensor 355
and the conveyance variation amount are different between
individual image forming apparatus, and can be obtained in
advance by experiment. When there is a conveyance varia-
tion, the data on the conveyance variation may be measured
by experiment, and the maximum value of the measured
value, a value obtained by adding a margin to the maximum
value, or the like may be set as At and stored in the
memory (not shown) or the like.

(Recording Material Conveyance Control Processing
According to this Embodiment)

FIG. 13 is a flowchart according to this embodiment. The
flowchart of FIG. 13 is a flowchart relating to recording
material conveyance control for the second sheet (subsequent
sheet or current sheet) to be subjected to the conveyance
speed control. The control is described below in detail.

In 81300, the conveyance control portion 221 starts feed-
ing the second recording material being the subsequent sheet
to be subjected to the conveyance speed control (timing 1222
in FIG. 12). In S1301, the conveyance control portion 221

margin
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determines whether or not the leading edge of the subsequent
sheet has been detected by the pre-registration sensor 35a,
that is, whether or not the subsequent sheet has arrived at the
pre-registration sensor 35a. When determining in S1301 that
the subsequent sheet has not arrived at the pre-registration
sensor 35q, the conveyance control portion 221 returns to the
processing of S1301. When determining in S1301 that the
subsequent sheet has arrived at the pre-registration sensor 354
(actually measured value 1233 in FIG. 12), the conveyance
control portion 221 advances to the processing of S1302. In
S1302, the conveyance control portion 221 calculates the
difference time period At, between the actually measured
value (actually measured value 1233 in FIG. 12) of the pre-
registration sensor arrival time and the theoretical value
(theoretical value 1242 in FIG. 12) thereof, and determines in
S1303 whether or not a value of the difference time period At
satisfies (Expression 19). Here, in the case of the image form-
ing apparatus in which there is no conveyance variation
between the pre-registration sensor 35q and the registration
sensor 35b, the conveyance control portion 221 sets the left-
hand side of (Expression 19) as (Expression 17). Further, in
the case of the image forming apparatus in which there is a
conveyance variation between the pre-registration sensor 35a
and the registration sensor 354, the conveyance control por-
tion 221 sets the left-hand side of (Expression 19) as (Expres-
sion 20).

When determining in S1303 that the value of the difference
time period At, satisfies (Expression 19), the conveyance
control portion 221 determines in S1304 whether or not the
leading edge of the subsequent sheet has been detected by the
registration sensor 355, that is, whether or not the subsequent
sheet has arrived at the registration sensor 355. When deter-
mining in S1304 that the subsequent sheet has not arrived at
the registration sensor 355, the conveyance control portion
221 returns to the processing of S1304. When determining in
S1304 that the subsequent sheet has arrived at the registration
sensor 355 (actually measured value 1253 in FIG. 12), the
conveyance control portion 221 advances to the processing of
S1305. In S1305, the conveyance control portion 221 calcu-
lates a difference time period At,' between the actually mea-
sured value (actually measured value 1253 in FIG. 12) of the
registration sensor arrival time and the theoretical value
(theoretical value 1263 in FIG. 12) thereof, and in S1306,
starts the conveyance speed control based on the difference
time period At,' (status 1283 of “third conveyance” in FIG.
12). In the image forming apparatus in which there is no
conveyance variation between the pre-registration sensor 35a
and the registration sensor 355, the difference time period At.'
becomes the difference time period At,.

When determining in S1303 that the value of the difference
time period At, does not satisfy (Expression 19), the convey-
ance control portion 221 starts the conveyance speed control
based on the difference time period At, in S1307. That is, the
conveyance control portion 221 determines that the convey-
ance variation amount cannot be corrected even if the con-
veyance speed control is performed at the maximum speed
V,a after the leading edge of the subsequent sheet has
arrived at the registration sensor 3554, and starts the convey-
ance speed control from the pre-registration sensor 35a.

According to this embodiment, in the image forming appa-
ratus for conveying the recording material from the start of the
sheet feeding up to the arrival at the secondary transfer posi-
tion by using one driving source in which the two recording
material detection sensors are arranged in such positions that
the distance therebetween is shorter than the image interval of
the continuous printing, the following configuration is
employed. That is, at least the conveyance speed control is
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carried out from the sensor on the upstream side (pre-regis-
tration sensor), and the conveyance speed control is carried
out from the sensor on the downstream side (registration
sensor) as much as possible. Accordingly, it is possible to
secure more sections that enable correction of the accelera-
tion and reduce the conveyance variation up to the sensor on
the downstream side (registration sensor).

In this embodiment, the two recording material detection
sensors are described by using the pre-registration sensor 35a
as the sensor on the upstream side on the conveying path and
the registration sensor 355 as the sensor on the downstream
side. However, various changes can be made thereto based on
the gist of the present invention and are not to be excluded
from the scope of the present invention.

As described above, according to this embodiment, it is
possible to obtain a satisfactory image while suppressing the
conveyance variation of the subsequent sheet without affect-
ing the conveyance of the preceding sheet or the image for-
mation thereof and without lowering the productivity even
when the recording materials are continuously conveyed by
the same driving source.

Other Embodiment

The first to fourth embodiments are described by taking the
case where the two rollers (cassette pickup roller 17 and
registration roller 18) are driven by the same driving source.
However, the present invention can also be applied to a struc-
ture in which more than two rollers provided between the
sheet-feeding start position and the secondary transfer por-
tion are driven by the same driving source. In this case, the
conveyance speed control for the subsequent sheet is carried
out at the timing at which the trailing edge of the preceding
sheet passes through the roller located at the most down-
stream position among the plurality of rollers driven by the
same driving source which are provided between the sheet-
feeding start position and the secondary transfer portion.

The first to fourth embodiments are described by taking the
example in which the conveyance speed control for the sub-
sequent sheet is carried out by using the two recording mate-
rial detection sensors (pre-registration sensor 35a and regis-
tration sensor 355) provided between the sheet-feeding start
position and the secondary transfer portion. However, the
present invention can also be applied to a structure in which at
least three recording material detection sensors are provided
between the sheet-feeding start position and the secondary
transfer portion. In this case, two recording material detection
sensors among the plurality of recording material detection
sensors may be used to detect the trailing edge of the preced-
ing sheet by one recording material detection sensor and
detect the leading edge of the subsequent sheet by the other
recording material detection sensor.

In the first to fourth embodiments, the conveyance control
portion 221 uses a detection result obtained by the recording
material detection sensor to calculate the timing to start the
conveyance speed control. However, the detection result
obtained by the recording material detection sensor may be
output to the CPU 211, and the CPU 211 may calculate the
timing to start the conveyance speed control.

The first to fourth embodiments are described by taking the
case of the two-sheet continuous printing, but the present
invention can also be applied to the continuous printing more
than two sheets.

The first to fourth embodiments are described by taking the
example in which the conveyance speed control for the sub-
sequent sheet is carried out by using the two recording mate-
rial detection sensors (pre-registration sensor 35a and regis-
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tration sensor 354) provided between the sheet-feeding start
position and the secondary transfer portion. However, the
present invention may also be applied to a structure in which
at least one sensor for detecting the leading edge and the
trailing edge of the recording material is provided on the
downstream side of the cassette pickup roller 17 and on the
upstream side of the registration roller 18, that is, on the
conveying path between the cassette pickup roller 17 and the
registration roller 18. In this case, the distance between the
registration roller 18 and the sensor (hereinafter referred to as
“sensor A”) provided between the cassette pickup roller 17
and the registration roller 18, and the conveyance speed of the
recording material are known. Therefore, it is uniquely deter-
mined when the preceding sheet that has passed through the
sensor A is to pass through the nip portion of the registration
roller 18. That is, from the distance between the sensor A and
the registration roller 18 and the conveyance speed (steady
speed V) of the preceding sheet, it is possible to calculate a
time period T, elapsed after the trailing edge of the preceding
sheet passes through the sensor A until the trailing edge of the
preceding sheet passes through the registration roller 18.
Accordingly, for example, the timer (not shown) may be
started when the trailing edge of the preceding sheet passes
through the sensor A, and when the time period T, has
elapsed, it is conceivable that the preceding sheet has passed
through the nip portion of the registration roller 18. That is,
based on the detection result obtained by the sensor A, the
timing at which the preceding sheet passes through the reg-
istration roller 18 is predicted to carry out the conveyance
speed control A. The other control is, for example, the same as
that of the second embodiment.

The first to fourth embodiments are described by taking the
image forming apparatus having the structure illustrated in
FIG. 1, but the present invention can be applied to any image
forming apparatus that performs the conveyance speed con-
trol for the recording material in order to adjust the timing to
transfer the toner image onto the recording material. In this
case, in the image forming apparatus for transferring the toner
image on the photosensitive drum directly onto the recording
material, the photosensitive drum corresponds to the image
bearing member. In the image forming apparatus for trans-
ferring the toner image on the photosensitive drum onto the
intermediate transfer belt and transferring the toner image on
the intermediate transfer belt onto the recording material, the
intermediate transfer belt corresponds to the image bearing
member.

According to the other embodiments, it is possible to
obtain a satisfactory image while suppressing the conveyance
variation of the subsequent sheet without affecting the con-
veyance of the preceding sheet or the image formation thereof
and without lowering the productivity even when the record-
ing materials are continuously conveyed by the same driving
source.

While the present invention has been described with refer-
ence to exemplary embodiments, it is to be understood that
the invention is not limited to the disclosed exemplary
embodiments. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all
such modifications and equivalent structures and functions.

This application claims the benefit of Japanese Patent
Application No. 2012-184410, filed Aug. 23, 2012, which is
hereby incorporated by reference herein in its entirety.

What is claimed is:

1. An image forming apparatus comprising:

a storage portion storing recording materials;

a first conveyance portion conveying a recording material;
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a first detection unit provided on a downstream side of the
first conveyance portion in a conveying direction of the
recording material and detecting a leading edge and a
trailing edge of the recording material;

a second conveyance portion provided on a downstream
side of the first detection unit in the conveying direction
and conveying the recording material;

a second detection unit provided on a downstream side of
the second conveyance portion in the conveying direc-
tion and detecting the leading edge and the trailing edge
of the recording material;

a drive portion driving the first conveyance portion and the
second conveyance portion; and

a control unit controlling the drive portion based on a
detecting result obtained by one of the first detection unit
and the second detection unit,

wherein a first recording material and a second recording
material which is conveyed subsequently to the first
recording material are conveyed from the storage por-
tion so that a distance between a trailing edge of the first
recording material and a leading edge of the second
recording material in a conveyance path is a predeter-
mined distance longer than a distance between the first
detection unit and the second detection unit in the con-
veyance path,

in a case that the distance between the trailing edge of the
first recording material and the leading edge of the sec-
ond recording material, which is obtained by detecting
the trailing edge of the first recording material and the
leading edge of the second recording material with the
first detection unit, is shorter than the predetermined
distance, the control unit controls the drive portion to
change a conveyance speed of the second recording
material from a predetermined speed to a slower speed
after the trailing edge of the first recording material
passes through the second detection unit, and

in a case that the distance between the trailing edge of the
first recording material and the leading edge of the sec-
ond recording material is longer than the predetermined
distance, the control unit controls the drive portion to
change the conveyance speed of the second recording
material from the predetermined speed to a faster speed
before the leading edge of the second recording material
reaches the second detection unit.

2. An image forming apparatus according to claim 1,
wherein, in the case that the distance between the trailing
edge of'the first recording material and the leading edge of the
second recording material is shorter than the predetermined
distance, the control unit calculates the conveyance speed and
a conveyance time of the second recording material based on
a timing when the second detection unit detects the leading
edge of the second recording material, and the control unit
controls the drive portion to convey the second recording
material at the calculated conveyance speed for the calculated
conveyance time, and

in the case that the distance between the trailing edge ofthe
first recording material and the leading edge of the sec-
ond recording material is longer than the predetermined
distance, the control unit calculates that conveyance
speed and the conveyance time of the second recording
material based on a timing when the first detection unit
detects the leading edge of the second recording mate-
rial, and the control unit controls the drive portion to
convey the second recording material at the calculated
conveyance speed for the calculated conveyance time.

3. An image forming apparatus according to claim 2,
wherein, in the case that the distance between the trailing



US 9,195,196 B2

31

edge of'the first recording material and the leading edge of the
second recording material is shorter than the predetermined
distance, the control unit controls the drive portion from the
timing when the second detection unit detects the leading
edge of the second recording material to start deceleration of
the conveyance speed of the second recording material, and
in the case that the distance between the trailing edge of the
first recording material and the leading edge of the sec-
ond recording material is longer than the predetermined
distance, the control unit controls the drive portion from
the timing when the first detection unit detects the lead-
ing edge of the second recording material to start accel-
eration of the conveyance speed of the second recording
material.

4. An image forming apparatus according to claim 1, fur-

ther comprising:

an image bearing member; and

a transferring unit transferring an image to be formed on
the image bearing member onto a recording material,

wherein the predetermined speed is a speed at which the
recording material is conveyed at the transferring unit.

5. An image forming apparatus according to claim 4,

wherein, in a case that the distance between the trailing edge
of the first recording material and the leading edge of the
second recording material is different from the predetermined
distance, the control unit controls the drive portion to convey
the second recording material at a different speed from the
predetermined speed so that the distance between the trailing
edge of'the first recording material and the leading edge of the
second recording material matches with the predetermined
distance at the transferring unit.

6. An image forming apparatus comprising:

a storage portion storing recording materials;

a first conveyance portion conveying a recording material;

a first detection unit provided on a downstream side of the
first conveyance portion in a conveying direction of the
recording material and detecting a leading edge and a
trailing edge of the recording material;

a second conveyance portion provided on a downstream
side of the first detection unit in the conveying direction
and conveying the recording material;

a drive portion driving the first conveyance portion and the
second conveyance portion; and

a control unit controlling the drive portion based on a
detecting result obtained by the first detection unit,

wherein a first recording material and a second recording
material which is conveyed subsequently to the first
recording material are conveyed from the storage por-
tion so that a distance between a trailing edge of the first
recording material and a leading edge of the second
recording material in a conveyance path is a predeter-
mined distance longer than a distance between the first
conveyance portion and the second conveyance portion
in the conveyance path,

in a case that the distance between the trailing edge of the
first recording material and the leading edge of the sec-
ond recording material, which is obtained by detecting
the trailing edge of the first recording material and the
leading edge of the second recording material with the
first detection unit, is shorter than the predetermined
distance, the control unit controls the drive portion to
change a conveyance speed of the second recording
material from a predetermined speed to a slower speed
after the trailing edge of the first recording material
passes through the second conveyance portion, and

in a case that the distance between the trailing edge of the
first recording material and the leading edge of the sec-
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ond recording material is longer than the predetermined
distance, the control unit controls the drive portion to
change the conveyance speed of the second recording
material from the predetermined speed to a faster speed
before the leading edge of the second recording material
reaches the second conveyance portion.

7. An image forming apparatus according to claim 6,
wherein, in the case that the distance between the trailing
edge of'the first recording material and the leading edge of the
second recording material is shorter than the predetermined
distance, or a case that the distance between the trailing edge
of the first recording material and the leading edge of the
second recording material detected by the first detection unit
is longer that the predetermined distance, the control unit
calculates the conveyance speed and a conveyance time of the
second recording material based on a timing when the first
detection unit detects the leading edge of the second record-
ing material, and the control unit controls the drive portion to
convey the second recording material at the calculated con-
veyance speed for the calculated conveyance time.

8. An image forming apparatus according to claim 7,
wherein the control unit predicts a timing when the trailing
edge of the first recording material passes through the second
conveyance portion based on a timing when the first detection
unit detects the trailing edge of the first recording material,

in the case that the distance between the trailing edge ofthe

first recording material and the leading edge of the sec-
ond recording material is shorter than both the predeter-
mined distance and a distance between the first detection
unit and the second conveyance portion, the control unit
controls the drive portion to convey the second recording
material at the predetermined speed until the predicted
timing and to start deceleration of the conveyance speed
of the second recording material from the predicted tim-
ing, and

in the case that the distance between the trailing edge ofthe

first recording material and the leading edge of the sec-
ond recording material is shorter than the predetermined
distance and longer than the distance between the first
detection unit and the second conveyance portion, the
control unit controls the drive portion from a timing
when the first detection unit detects the leading edge of
the second recording material to start deceleration of the
conveyance speed of the second recording material.

9. An image forming apparatus according to claim 8,
wherein, in the case that the distance between the trailing
edge of'the first recording material and the leading edge of the
second recording material is longer than the predetermined
distance, the control unit controls the drive portion from the
timing when the first detection unit detects the leading edge of
the second recording material to start acceleration of the
conveyance speed of the second recording material.

10. An image forming apparatus according to claim 6,
further comprising a second detection unit provided on a
downstream side of the second conveyance portion in the
conveying direction and detecting the leading edge and the
trailing edge of the recording material,

wherein, in the case that the distance between the trailing

edge of the first recording material and the leading edge
of the second recording material is shorter than the pre-
determined distance, the control unit calculates the con-
veyance speed and a conveyance time of the second
recording material based on a timing when the second
detection unit detects the leading edge of the second
recording material, and the control unit controls the
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drive portion to convey the second recording material at
the calculated conveyance speed for the calculated con-
veyance time, and
in the case that the distance between the trailing edge of the
first recording material and the leading edge of the sec-
ond recording material is longer than the predetermined
distance, the control unit calculates the conveyance
speed and the conveyance time of the second recording
material based on a timing when the first detection unit
detects the leading edge of the second recording mate-
rial, and the control unit controls the drive portion to
convey the second recording material at the calculated
conveyance speed for the calculated conveyance time.
11. An image forming apparatus according to claim 10,
wherein, in the case that the distance between the trailing
edge of'the first recording material and the leading edge of the
second recording material is shorter than the predetermined
distance, the control unit controls the drive portion from the
timing when the second detection unit detects the leading
edge of the second recording material to start deceleration of
the conveyance speed of the second recording material, and
in the case that the distance between the trailing edge of the
first recording material and the leading edge of the sec-
ond recording material is longer than the predetermined
distance, the control unit controls the drive portion from
the timing when the first detection unit detects the lead-
ing edge of the second recording material to start accel-
eration of the conveyance speed of the second recording
material.
12. An image forming apparatus according to claim 6,
further comprising:
an image bearing member; and
a transferring unit transferring an image to be formed on
the image bearing member onto a recording material,
wherein the predetermined speed is a speed at which the
recording material is conveyed at the transferring unit.
13. An image forming apparatus according to claim 12,
wherein, in a case that the distance between the trailing edge
of the first recording material and the leading edge of the
second recording material is different from the predetermined
distance, the control unit controls the drive portion to convey
the second recording material at a different speed from the
predetermined speed so that the distance between the trailing
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edge of'the first recording material and the leading edge of the
second recording material matches with the predetermined
distance at the transferring unit.

14. An image forming apparatus comprising:

a storage portion storing recording materials;

a first conveyance portion conveying a recording material;

a first detection unit provided on a downstream side of the
first conveyance portion in a conveying direction of the
recording material and detecting arrival of the recording
material;

a second conveyance portion provided on a downstream
side of the first detection unit in the conveying direction
and conveying the recording material;

a second detection unit provided on a downstream side of
the second conveyance portion in the conveying direc-
tion and detecting arrival of the recording material;

a drive portion driving the first conveyance portion and the
second conveyance portion; and

a control unit controlling the drive portion based on a
detecting result obtained by one of the first detection unit
and the second detection unit,

wherein, in a case that a detection timing when the first
detection unit detects the recording material is earlier
than a reference timing, the control unit controls the
drive portion according to a detection timing when the
second detection unit detects the recording material to
change a conveyance speed of the recording material
from a predetermined speed to a slower speed, and

in a case that the detection timing of the first detection unit
is later than the reference timing, the control unit con-
trols the drive portion according to the detection timing
of'the first detection unit to change the conveyance speed
of the recording material from the predetermined speed
to a faster speed before the recording material reaches
the second detection unit.

15. An image forming apparatus according to claim 14,

further comprising:

an image bearing member; and

a transferring unit transferring an image to be formed on
the image bearing member onto a recording material,

wherein the predetermined speed is a speed at which the
recording material is conveyed at the transferring unit.
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